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Description 

SYNCHRONOUS RECTIFYING SWITCHING POWER SUPPLY DEVICE 

Technical Field 

The present invention relates to a synchronous rectifying 
type switching power supply device for converting a DC voltage 
to a desired voltage and supplying the voltage to electronic 
equipment, and particularly to a fly-back type synchronous 
rectifying switching power supply device. 

Background Art 

In a conventional fly-back converter which is a switching 
power supply device having a synchronous rectification type 
rectifying circuit , a series circuit comprisinga DC power source 
and a main switching element is connected to a primary winding 
side of a transformer, and a synchronous rectifying element 
is provided to a secondary winding of the transformer in series, 
and further connected to an output terminal through a rectifying 
circuit as disclosed in JP-A-2000-116122 . The fly-back 
converter controls to turn on/off the main switch element of 
MOS-FET. When the main switch element is turned off, MOS-FET 
which is a synchronous rectifying element of the secondary side 
circuit of the transformer is turned on, and an output capacitor 
of the rectifying circuit is charged by a fly-back voltage 
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occurring at the secondary winding. Thereafter, the 
synchronous rectifying element is turned off before the main 
switch element is turned on, and this operation is repeated 
to supply power to the output side. 

In the case of the synchronous rectifying type fly-back 
converter as described above, when the off-timing of the 
synchronous rectifying element is missed and thus the main switch 
is turned on under the state that the synchronous rectifying 
element is still turned on, the circuit at the secondary side 
of the power supply device falls into a short-circuited state, 
and thus large surge current flows into the main switch element, 
so that the main switch element, the synchronous rectifying 
element, etc. may be broken. 

Therefore, as disclosed in JP-A-2000-116122, there is 
known a switching power supply circuit in which in order to 
prevent the simultaneous on-state of the main switch element 
and the synchronous rectifying element, in response to turn-off 
the main switch element, a timing capacitor is charged with 
current determined by a voltage induced at an auxiliary winding 
and a timing resistor after the synchronous rectifying element 
is turned on, and an auxiliary transistor is turned on after 
a fixed time to turn off the rectifying element. 

In the case of the synchronous rectifying type switching 
power supply device of the prior art described above, the fixed 
time Tc of the timing capacitor is set to be prior to the on-timing 
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of the main switch element to some degree by providing a dead 
time td so that the rectifying element is necessarily turned 
off before the main switch element is turned on as shown in 
Fig. 1. The dead time td is set by the time constant of the 
timing capacitor so that the rectifying element is turned off 
within an of f -time of the main switch element which is determined 
by an input voltage, an output voltage and a turn ratio of the 
transformer . 

However, in the case of the conventional synchronous 
rectifying type fly-back converter, there is a case where load 
current increases rapidly and the main switch element is turned 
on for a time longer than the on-time of the main switch element 
determined by the input/output voltage and the turn ratio of 
the transformer. In such a case, there is a case where the 
voltage of the timing capacitor does not reach the threshold 
voltage of the auxiliary transistor element for turning off 
the synchronous rectifying element within a fixed on/off period 
of the main switch element as indicated by a broken line of 
Fig. 1. In such a case, there is a problem that the main switch 
element is turned on before the rectifying element is turned 
off, and very large surge current flows into the main switch 
element, so that the circuit at the secondary side of the power 
supply device is kept short-circuited and thus through current 
flows into the secondary side circuit, resulting in breaking 
of the main switch element, the synchronous rectifying element, 
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etc . 

During the period of the dead time td, the rectifying 
operation is carried out by a diode connected to the synchronous 
rectifying element in parallel or a body diode of MOS-FET serving 
as the synchronous rectifying element. The loss during the 
rectifying period of the diode is larger than that during the 
period when the rectifying element of MOS-FET is turned on. 
Accordingly, the dead time is required to be as short as possible, 
however, there is a problem that it is impossible to shorten 
the dead time td in order to surely turn off the synchronous 
rectifying element before the main switch element is turned 
on. Furthermore, the switching frequency cannot be increased 
because the dead time td cannot be shortened, which also prevents 
miniaturization and cost-down of the device. 

In addition, there is also a problem that when a voltage 
not less than a set voltage is applied between the output voltage 
terminals from the external or when power supply is stopped 
in a case where a large-capacity external capacitor is provided 
between the output terminals, the synchronous rectifying 
element at the secondary side cannot be turned off and thus 
through current flows, or self -excitation oscillation occurs 
in the secondary side circuit by the power of the large-capacity 
external capacitor connected between the output terminals. 

The invention has an object to provide a fly-back type 
synchronous rectifying switching power supply device which can 
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surely turn off a synchronous rectifying element before a main 
switch is turned on even when the on-time of the main switch 
element is lengthened due to sudden variation of a load. 

Furthermore, the invention has an object to provide a 
fly-back type synchronous rectifying switching power supply 
device which can prevent through current of a switching power 
supply circuit and self -excitation oscillation irrespective 
of sudden variation of a load or an external equipment connected 
between output terminals. 

Disclosure of the Invention 

A fly-back type synchronous rectifying switching power 
supply device in which a primary winding of a transformer and 
a main switch element are connected to each other in series 
between input terminals and which has a control circuit for 
subjecting the main switch element to PWM control within a fixed 
period, a synchronous rectifying element connected to a 
secondary winding of the transformer in series between output 
terminals, and driving means for turning on the synchronous 
rectifying element complementarily with the switching element, 
is equipped with a different power supply source charged by 
a pulse voltage occurring at the secondary side winding of the 
transformer through a switching operation of the main switch 
element, and interrupting means which is disposed between the 
gate and source of the synchronous rectifying element and turns 
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off the synchronous rectifying element, wherein an off-timing 
at which the interrupting means turns off the synchronous 
rectifying element is set to a timing which corresponds to a 
fixed time set by current from the different power source after 
the switch element is turned on and is within a range which 
is as near as a fixed driving period of the switch element. 

The interrupting means comprises a transistor and a timing 
capacitor connected to a signal input terminal of the transistor, 
the timing capacitor is charged by the different power source 
anddischargedat the instantaneous time when the main transistor 
is turned on, the timing capacitor is started to be charged 
from the instantaneous time concerned, and a period from this 
time to time in which the voltage of the timing capacitor exceeds 
a threshold value of the signal input terminal of the transistor 
is set to a time within the fixed driving period of the switch 
element . 

The different power source is a constant voltage source 
or constant current source connected to the secondary side of 
the transformer. A snubber circuit for absorbing surge energy 
when the synchronous rectifying element is turned off may be 
also used as the different power source for charging the timing 
capacitor so that the timing capacitor is charged with the energy 
absorbed by the snubber circuit. 

According to the synchronous rectifying switching power 
source of the invention, the synchronous rectifying element 
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is surely turned off within a fixed period from the on-timing 
of the main switch element, so that the main switch element 
and the synchronous rectifying element can be prevented from 
simultaneously falling into an on-state even when load current 
varies suddenly. Accordingly, the dead time from the turn-off 
time of the synchronous rectifying element until the on-timing 
of the main switch can be shortened as much as possible, the 
rectifying period based on the diode is reduced to suppress 
the loss, and the switching frequency can be increased. 
Furthermore, the invention contributes to miniaturization and 
reduction in cost. 

Furthermore, a fly-back type synchronous rectifying 
switching power supply device in which a primary winding of 
a transformer and a main switch element are connected to each 
other in series between input terminals and which has a control 
circuit for subjecting the main switch element to PWM control 
within a fixed period, a synchronous rectifying element 
connected to a secondary winding of the transformer in series 
between output terminals, and driving means for turning on the 
synchronous rectifying element complementarily with the 
switching element, is equipped with a different power supply 
source charged by a pulse voltage occurring at the secondary 
side winding of the transformer through a switching operation 
of the main switch element, interrupting means which is 
disposed between the gate and source of the synchronous 
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rectifying element and turns off the synchronous rectifying 
element, and a control element for comparing the output voltage 
of the different power source with the output voltage of the 
output terminal of the switching power supply device, and 
controlling the interrupting means to turn off the synchronous 
rectifying element when the output voltage of the different 
power source is reduced to a fixed value or less. 

A transistor of the interrupting means is an npn transistor 
for turning off the synchronous rectifying element, and the 
control element comprises a pnp transistor whose emitter and 
collector are connected to the output terminal and the base 
of the npn transistor respectively, and the output of the 
different power source is connected to the base of the pnp 
transistor. The output voltage of the different power source 
may be divided and input a divided voltage to the base of the 
pnp transistor. 

According to the other invention of this application, 
through current due to sudden variation of a load and a 
self -excitation oscillation phenomenon occurring when the 
power source is stopped or an external voltage is applied can 
be surely prevented, the miniaturization of the constituent 
parts of the device can be performed and the miniaturization 
of the whole device and the reduction in cost can be enabled. 

Brief Description of the Drawings 
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Fig. 1 is a timing chart showing the operation of a 
conventional fly-back type synchronous rectifying switching 
power supply device. 

Fig . 2 is a schematic circuit diagram showing a synchronous 
rectifying switching power supply device according to an 
embodiment of the invention. 

Fig. 3 is a timing chart (A) showing the operation when 
a duty ratio of the main switch element of the synchronous 
rectifying switching power supply device of this embodiment 
is broad, and a timing chart (B) showing the operation when 
the duty ratio is narrow. 

Fig . 4 is a schematic circuit diagram showing a synchronous 
rectifying switching power supply device according to a second 
embodiment of the invention. 

Fig . 5 is a schematic circuit diagram showing a synchronous 
rectifying switching power supply device according to a third 
embodiment of the invention. 

Fig. 6 is a schematic circuit diagram showing a synchronous 
rectifying switching power supply device according to a fourth 
embodiment of the invention. 

Fig . 7 is a schematic circuit diagram showing a synchronous 
rectifying switching power supply device according to a fifth 
embodiment of the invention. 

Fig. 8 is a schematic circuit diagram showing another 
example of the synchronous rectifying switching power supply 
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device of the fifth embodiment according to the invention. 

Best Modes for carrying out the Invention 

Embodiments of the invention will be described with 
reference to the drawings . Fig . 2 is a circuit showing a fly-back 
type synchronous rectifying switching power device according 
to a first embodiment of the invention. In the switching power 
supply circuit, a DC power source 10 is connected between input 
terminals 11 and 12, and a main switch element Ql of MOS-FET 
is connected to the primary winding Nl of the transformer T 
in series. The input terminal 11 at the plus side of the DC 
power source 10 is connected to one dot-affixed side terminal 
of the primary winding Nl which is a terminal at which a positive 
voltage occurs when the main switching element Ql is turned 
on, and the other non-dot-affixed side terminal of the 
transformer T is connected to the drain of the main switch element 
Ql . The source of the main switch element Ql is connected to 
the input terminal 12 at the minus side of the DC power source 
10, and the gate of the main switch element Ql is connected 
to a driving signal output of a control circuit 18 for subjecting 
the main switch element Ql to PWM (Pulse width Modulation) 
control in accordance with an input/output condition at a fixed 
period. 

A non-dot-affixed side terminal of the secondary winding 
N2 of the transformer T is connected to one end of an output 
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capacitor C2, and the other dot-affixed side terminal of the 
secondary winding N2 of the transformer T is connected to the 
drain of the synchronous rectifying element Q2 of MOS-FET. The 
source of the synchronous rectifying element Q2 is connected 
to a reference potential side corresponding to the other end 
side of the output capacitor C2 . Both the ends of the output 
capacitor C2 are connected to the output terminals 13 and 14, 
A diode D4 is connected between the drain and source of the 
synchronous rectifying element Q2 in parallel. The anode and 
cathode of the diode D4 are connected to the source and drain 
of the synchronous rectifying element Q2, respectively. 
Accordingly, the diode D4 may be replaced by a body diode of 
the synchronous rectifying element Q2 of MOS-FET. 

Furthermore, an auxiliary winding N3 is provided as 
driving means of the synchronous rectifying element Q2 at the 
secondary side of the transformer T, a dot-affixed side terminal 
of the auxiliary winding N3 is connected to reference potential, 
and a non-dot-affixed side terminal is connected to one end 
of an operation accelerating capacitor C4 through a resistor 
Rl . The other end of the capacitor C4 is connected to the cathode 
of the diode Dl, and the anode of the diode Dl is connected 
to the reference potential. The gate of the synchronous 
rectifying element Q2 is connected between the cathode of the 
diode Dl and the other end of the capacitor C4 . 

The collector of an npn type transistor Trl is connected 
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to the gate of the synchronous rectifying element Q2, and the 
emitter of the transistor Trl is connected to the reference 
potential. One end of a timing capacitor C3 is connected to 
the base serving as a signal input signal terminal of the 
transistor Trl, and the other end of the timing capacitor C3 
is connected to the reference potential. The output of a 
constant voltage source 16 which is a different power source 
is connected to the base of the transistor Trl through a resistor 
R2 , and also connected to the collector of an npn type transistor 
Tr2 . The emitter of the transistor Tr2 is connected to the 
reference potential, and the base thereof is connected to the 
dot-affixed side terminal of the secondary winding N2 through 
a capacitor CI. A resistor R3 and a diode D2 are connected 
in parallel between the base and emitter of the transistor Tr2 . 
The cathode and anode of the diode D2 are connected to the base 
and the reference potential, respectively . 

The constant voltage source 16 comprises a capacitor C5 
whose one end is connected to a dot-affixed side terminal of 
the secondary winding N2, a diode D3 whose anode is connected 
to the other end of the capacitor C5, a capacitor C6 connected 
between the cathode of the diode D3 and the reference potential, 
and a zener diode ZD1 connected between the anode of the diode 
D3 and the reference potential.. The cathode of the zener diode 
ZD1 is connected to the anode of the diode D3, and the anode 
thereof is connected to the reference potential. The constant 
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voltage source 16 also serves as a snubber circuit for absorbing 
surge energy when the synchronous rectifying element Q2 is turned 
off. 

Next, the control method and operation of the synchronous 
rectifying switching power supply of this embodiment will be 
described with reference to Figs. 2 and 3. First, when the 
main switch element Ql is turned on in the circuit of Fig. 2, 
each of the dot-affixed sides of the primary winding Nl and 
the secondary winding N2 is set to plus. However, as shown in 
Figs. 3(A), (B) , the potential Vgs between the gate and source 
of the synchronous rectifying element Q2 is low, and the 
synchronous rectifying element Q2 is turned off, so that no 
current Idl flows in the synchronous rectifying element Q2 . 
Furthermore, at this time, current flows from the dot-affixed 
side of the secondary winding N2 into the constant voltage source 
16 to charge the capacitors C5 and C6, and a constant voltage 
set by the zener diode ZD1 is achieved at one end of the capacitor 
C6 of the constant voltage source 16. Current flows from one 
end of the capacitor C6 corresponding to the output of the 
constant voltage source 16 through the resistor R2 into the 
timing capacitor C3 to charge the timing capacitor C3. 
Furthermore, during the period when the main switch element 
Ql is turned on, the dot-affixed side of the auxiliary winding 
N3 is high, however, the gate of the synchronous rectifying 
element Q2 is set to the reference potential through the diode 
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Dl. 

Thereafter, when the main switch element Ql is turned 
off on the basis of the PWM control in conformity with an 
input/output condition by the control circuit 18, a fly-back 
voltage occurs at the non-dot-affixed side of the secondary 
winding N2, and also a fly-back voltage simultaneously occurs 
at the non-dot-affixed side of the auxiliary winding N3, so 
that the gate capacitor Ciss of the synchronous rectifying 
element Q2 is charged through the capacitor C4 and the potential 
Vgs between the gate and the source is made high, thereby turning 
on the synchronous rectifying element Q2 . Accordingly, the 
current Idl flows from the non-dot-affixed side terminal of 
the secondary winding through the output capacitor C2 to the 
dot-affixed side terminal to charge the output capacitor C2 . 

Furthermore, the timing capacitor C3 is charged with 
current from the constant voltage source 16 immediately after 
the main switch element Ql is turned on, and when a fixed time 
elapses, the potential of the timing capacitor C3 reaches the 
threshold value of the base of the transistor Trl . Accordingly, 
the transistor Trl is turned on, the gate capacitor Ciss of 
the synchronous rectifying element Q2 is discharged, and the 
synchronous rectifying element Q2 is turned off . However, even 
after that, current Id2 is made to flow by the diode D4 equipped 
in parallel to the synchronous rectifying element Q2 until the 
main switch element Ql is turned on. The current Id2 is smaller 
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than the current Idl because the diode imposes some loss. The 
period during which current is made to flow by the diode D4 
corresponds to the dead time dt for turning off the synchronous 
rectifying element Q2 before the main switch element Ql is turned 
on. 

When the main switch Ql is turned on, the potential of 
the dot-affixed side of the secondary winding N2 is applied 
to the base of the transistor Trl through the capacitor C7 , 
and at that instantaneous time the transistor Trl is made low, 
and the charges of the timing capacitor C3 are instantaneously 
discharged. This period is completed in a sufficiently shorter 
instantaneous time as compared with the switching frequency 
of the main switch element Ql because the capacitance of the 
capacitor C7 is relatively sufficiently small. From this 
instantaneous time, the charging of the timing capacitor C3 
is started again as described above. 

In the fly-back type synchronous rectifying switching 
power supply device of this embodiment, the switching frequency 
T of the main switch element Ql is fixed by the control circuit 
18, and Duty corresponding to the on-period of the main switch 
element Ql is varied in conformity with the input/output 
condition as shown in Figs. 3(A), (B) . However, the potential 
of the timing capacitor C3 applied to the base of the transistor 
Trl reaches the threshold value of the base of the transistor 
Trl in a fixed time from the on-timing of the main switch element 
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Ql by the constant voltage source 16. Therefore, since the 
output voltage is increased when the load current rapidly 
increases and the output voltage is transitionally lowered, 
the synchronous rectifying element Q2 is surely turned off in 
a fixed time from the on-timing of the main switch element Ql 
even when the on-period of the main switch element Q is 
temporarily long. Accordingly, the dead time td from the 
turn-off of the synchronous rectifying element Q2 until the 
turn-on of the main switch element Ql can be set to be as short 
as possible, the rectifying period by the diode D4 is shortened 
to suppress the loss, and the switching frequency can be 
increased. 

Furthermore, the constant voltage source 16 serving as 
the charging circuit for the timing capacitor C3 constitutes 
the snubber circuit for absorbing the surge energy when the 
synchronous rectifying element Q2 is turned off, and the timing 
capacitor is charged with the energy absorbed by the snubber 
circuit. Therefore, the constant voltage source 16 can serve 
as a power source having a high energy efficiency. 

Next, a synchronous rectifying switching power supply 
device of a second embodiment of the invention is shown in Fig. 
4 . Here, the same constituent elements as the above embodiment 
are represented by the same reference numerals, and the 
description thereof is omitted. This embodiment is different 
from the first embodiment in that the output of a constant current 
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source 20 comprising a constant current circuit is connected 
to the timing capacitor C3. 

The constant current source 20 is equipped with a diode 
D5 whose anode is connected to a dot-affixed side terminal of 
the secondary winding N2 of the transformer T, and a capacitor 
C8 having one end connected to the cathode of the diode D5 and 
the other end connected to the reference potential . Furthermore, 
the cathode of the diode D5 is connected to the emitter of an 
pnp type transistor Tr3 through a resistor R4 , and the collector 
of the transistor Tr3 is connected to one end of the timing 
capacitor C3 as an output of the constant current source 20. 
Furthermore, the cathode of a zener diode ZD2 is connected to 
the cathode of the diode D5, and the anode of the zener diode 
ZD2 is connected to the base of the transistor Tr3 and also 
connected to the reference potential through a resistor R5 . 
The constant current is set by the resistor R4 and the constant 
voltage set by the zener diode ZD2. 

In the fly-back type synchronous rectifying switching 
power supply device of this embodiment, the timing capacitor 
C3 can be charged with constant current from the constant current 
circuit 20, and the voltage of the timing capacitor C3 is linearly 
increased. 

The synchronous rectifying switching power supply device 
of this embodiment can also achieve the same effect as the above 
embodiment. In this case, particularly the voltage of the 
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timing capacitor C3 linearly rises up, and it is easy to set 
the off-timing of the synchronous rectifying element Q2 . A 
snubber circuit may be equipped with the constant current source 
20 . Accordingly, the energy efficiency can be further enhanced . 

Next, a synchronous rectifying switching power supply 
device of a third embodiment of the invention is shown in Fig. 
5. Here, the same constituent elements as the above embodiment 
are represented by the same reference numerals, and the 
description thereof is omitted- This embodiment is different 
from the first embodiment in that one end of the timing capacitor 
C3 is connected between an operation accelerating capacitor 
C4 and the terminal connected to the collector of the transistor 
Trl through a diode D6. The anode of the diode D6 is connected 
to the timing capacitor C3 and the cathode thereof is connected 
to the terminal of the capacitor C4 . 

The operation of the synchronous rectifying switching 
power supply device of this embodiment is the same as the circuit 
of the above embodiment, however, the discharge of the timing 
capacitor C3 is carried out when the main switch element Ql 
is turned off and the dot-affixed side of the auxiliary winding 
N3 is set to plus potential. At this time, current flows from 
the dot-affixed side terminal of the auxiliary winding N3 through 
the electrode of the capacitor C3 at the reference potential 
side and the electrode thereof at the opposite side, the diode 
D6 and the capacitor C4 to the non-dot affixed side terminal 
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of the auxiliary winding N3, thereby discharging the capacitor 
C3. 

This embodiment can also achieve the same effect as the 
first embodiment. Furthermore, the circuit construction for 
discharging the timing capacitor C3 can be simplif ied, and the 
number of parts is reduced to promote miniaturization of the 
device and reduction of the cost. 

Next, a synchronous rectifying switching power supply 
device according to a fourth embodiment of the invention is 
shown in Fig. 6. Here, the constituent elements as the above 
embodiment are represented by the same reference numerals, and 
the description thereof is omitted. In this embodiment, the 
constant voltage source 16 of the third embodiment is replaced 
by the constant current source 20 . According to this embodiment, 
the same effect as the second embodiment can be achieved, and 
further the circuit construction for discharging the timing 
capacitor C3 can be simplified as in the case of the third 
embodiment. Therefore, the miniaturization of the device and 
the reduction in cost can be promoted . 

Next, a synchronous rectifying switching supply device 
of a fifth embodiment is shown in Fig. 7. Here, the same 
constituent elements as the above embodiment are represented 
by the same reference numerals, and the description thereof 
is omitted. In the synchronous rectifying switching power 
supply device of this embodiment, an input capacitor CI is 
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equipped in parallel to the input terminals 11, 12 of the DC 
power source, and a series circuit comprising the primary winding 
Nl of the transformer T and the main switch element Ql is connected 
to both the ends of the input capacitor CI. The dot-affixed 
side of the primary winding Nl of the transformer T is connected 
to the input terminal 11, and the non-dot-affixed side thereof 
is connected to the main switch Ql. The main switch element 
Ql comprises a semiconductor switch element such as MOS-FET. 
The non-dot-affixed side terminal of the secondary winding N2 
of the transformer T is connected to the output terminal 13, 
and the dot-affixed side terminal thereof is connected to the 
synchronous rectifying element Q2 such as MOS-FET in series, 
and connected to the output terminal 14 at the reference 
potential side. Furthermore, a smoothing output capacitor C2 
is equipped between the output terminals 13 and 14. 

A constant voltage source 16 corresponding to a different 
power source equipped at the secondary side of the power source 
circuit is provided between the drain and source of the 
synchronous rectifying element Q2 . The constant voltage source 
16 has a capacitor C5 which has one end connected to the drain 
of the synchronous rectifying element Q2 of MOS-FET and the 
other end connected to one end of a resistor R6. The other 
end of the resistor R6 is connected to the cathode of the zener 
diode ZD1, and the anode of the zener diode ZD1 is connected 
to the reference potential. Furthermore, the other end of the 
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resistor R6 is connected to the anode of the diode D3, and the 
cathode of the diode D3 is connected to the reference potential 
through a capacitor C6. The point between the cathode of the 
diode D3 and the capacitor C6 corresponds to the output of the 
constant voltage source 16.^ 

Furthermore, the auxiliary winding N3 as the driving means 
of the synchronous rectifying element Q2 is equipped at the 
secondary side of the transformer T, the dot-affixed side 
terminal of the auxiliary winding N3 is connected to the 
reference potential, and the non-dot-affixed side terminal 
thereof is connected to the gate of the synchronous rectifying 
element Q2 through a speed-up capacitor C4 . The non-dot-affixed 
side terminal of the auxiliary winding 3 is connected to the 
cathode of the diode D6, and the anode of the diode D6 is connected 
through the series circuit of a resistor R7 and a timing capacitor 
C3 to the reference potential. The point between the resistor 
R7 and the timing capacitor C3 is connected to the point between 
the cathode of the diode D3 and the capacitor C6 of the constant 
voltage source 16 through a resistor R2 . Furthermore, the point 
between the resistor R7 and the capacitor C3 is connected to 
the base of the transistor Trl . The collector of the transistor 
Trl is connected to the gate of the synchronous rectifying 
element Q2, and the emitter thereof is connected to the reference 
potential. The cathode of the diode Dl is connected to the 
gate of the synchronous rectifying element Q2, and the anode 
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of the diode Dl is connected to the reference potential. 

An npn type transistor Tr4 serving as switch element 
control means is connected between the output terminal 13 and 
the base of the transistor Trl. The emitter of the transistor 
Tr4 is connected to the output terminal 13, and the collector 
thereof is connected to the base of the transistor Trl through 
a resistor R8 . The base of the transistor Tr4 is connected 
to the cathode of the diode D3 serving as the output of the 
constant voltage source 16 and a capacitor C6. 

In the operation of the switching power supply device, 
the main switch element Ql is turned on/of f by the control circuit 
18 to carry out PWM control. During the on-period of the main 
switch element Ql, the synchronous rectifying element Q2 is 
turned off, so that no current flows, and the capacitor C6 of 
the constant voltage source 16 is charged through the capacitor 
C5 . The capacitor C5 restricts the charging amount of the 
capacitor C6 . The charge voltage of the capacitor C6 is a voltage 
set by the zener diode ZD1. During the on-period of the main 
switch element Ql, the capacitor C4 is charged by setting the 
cathode side of the diode Dl to plus by the auxiliary winding 
N3. 

When the main switch element Ql is turned off, the voltage 
at the non-dot-affixed side terminal of the auxiliary winding 
N3 and the charged voltage of the capacitor C4 are applied to 
the gate of the synchronous rectifying element Q2 to charge 
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the synchronous rectifying element Q2 , so that the synchronous 
rectifying element Q2 is turned on. At the same time, the energy 
accumulated in the secondary winding N2 is charged in the output 
capacitor C2 by the fly-back voltage occurring at the secondary 
winding N2 . 

At the same time when the main switch element Ql is turned 
off, the charging of the timing capacitor .C3 is started through 
the resistor R2 by the constant voltage source 16 . Accordingly, 
the potential of the timing capacitor C3 is gradually increased, 
and when it reaches the potential at which the transistor TR1 
is turned on, the transistor TR1 is turned on and the charges 
of the gate of the synchronous rectifying element Q2 are 
discharges, thereby turning off the synchronous rectifying 
element Q2 . The timing at which the transistor TR1 is turned 
on is set to a timing just before the main switch element Ql 
is turned on. When the main switch element Ql is turned on, 
the charging of the capacitor C6 of the constant voltage source 
16 is started again, and the timing capacitor C3 is discharged 
through the resistor R7 and the diode D6. 

Here, the potential of the capacitor C6 of the constant 
voltage source 16 is applied to the base of the transistor Tr4, 
the output voltage of the constant voltage source 16 and the 
output voltage of the output terminal 13 are compared with each 
other, the main switch element Ql is stopped and the voltage 
of the capacitor C6 of the constant voltage source 16 is reduced. 
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When the transistor Tr4 is reduced to a predetermined potential 
or less at which the transistor Tr4 is turned on, the pnp type 
transistor Tr4 is turned on, the timing capacitor C3 is charged 
through the resistor R8 and thus the transistor Trl is turned 
on . Accordingly, the gate charges of the synchronous rectifying 
element Q2 are discharged, and the synchronous rectifying 
element Q2 is turned off. During the period when the transistor 
Tr4 is turned on, that is, during the period when the potential 
of the capacitor C6 of the constant voltage source 16 is not 
more than a predetermined potential because of stop of the main 
switch element Ql or the like, the transistor trl is turned 
on, and the synchronous rectifying element Q2 is turned off. 
When the main switch element Ql starts its switching during 
the above period, the synchronous rectifying element Q2 carries 
out rectification by the body diode thereof. Furthermore, the 
charging to the constant voltage source 16 is carried out through 
the transistor Tr4 , and the constant voltage source 16 is quickly 
charged . 

According to the switching power supply deice of this 
embodiment, even when the main switch element Ql is stopped 
due to sudden variation of the load and then the switching is 
re-started, the synchronous rectifying element Q2 is surely 
turned off, the output voltage of the constant voltage source 
16 is equal to a predetermined value or more, and the synchronous 
rectifying element Q2 is prevented from being turned on until 



24 



the synchronous rectifying element Q2 is allowed to be normally 
and surely driven by the timing capacitor C3 and the transistor 
Trl. Accordingly, no through current flows into the power 
supply circuit, and the loss, etc. of the circuit elements can 
be surely prevented. 

Even when a voltage higher than a set voltage is applied 
between the output terminals 13 and 14 by an external device, 
the main switch element Ql is stopped, and the output voltage 
of the constant voltage is reduced. In this case, the transistor 
Tr4 is likewise turned on due to reduction of the potential 
of the constant voltage source 16, and the synchronous rectifying 
element Q2 is set to the off-state by the transistor Trl to 
prevent self -excitation oscillation . 

Furthermore, even when the main switch element Ql stops 
its operation by a remote controller or interrupting the input 
voltage while a large-capacity capacitor as an external device 
is connected between the output terminals 13 and 14, the voltage 
of the constant voltage source 16 at the secondary side is reduced, 
and the synchronous rectifying transistor Q2 is turned off, 
thereby preventing the self -excitation oscillation due to the 
energy accumulated in the external large-capacity capacitor 
between the output terminals 13 and 14 . Furthermore, the energy 
accumulated in the large-capacitance capacitor is consumed in 
the resistor R4, and the output voltage is quickly reduced. 

The fly-back type synchronous rectifying switching power 
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supply device of this invention is not limited to the above 
embodiment. For example, as shown in Fig. 8, the output 
potential of the constant voltage source 16 of the circuit shown 
in Fig. 7 may be divided by the resistors R9, RIO to input the 
divided voltage to the base of the transistor Tr4, whereby the 
turn-on potential of the transistor Tr4 can be set to any value 
by properly setting the resistors R9 , RIO. Furthermore, this 
circuit may be properly combined with other circuits. 

Furthermore, in the fly-back type synchronous rectifying 
switching power supply device of this embodiment, the charging 
of a different power source may be carried out by an auxiliary 
winding, and the circuit may be properly combined with other 
circuits . 
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